Abstract. This study examines the causal relationship between economic growth and renewable energy consumption using data for 28 countries of European Union, taken from Eurostat database for years from 1995 to 2015. In addition, motivated by EU Directive 2009/28/EC, the tendency of the share of renewable energy consumption into the final energy consumption is analysed. Various panel data techniques implemented in EViews are used. The empirical results suggest a positive impact of renewable energy consumption on economic growth, and emphasize bidirectional or unidirectional Granger causalities between the two macroeconomic indicators, for each country in the panel. These results justify the political decisions of EU concerning the necessity of increasing the renewable energy consumption, and prove that this type of energy consumption has a strong positive impact on economic growth. Thus, the inclusion of such policies in future EU and national strategies is further motivated. Finally, by means of linear regression, an increasing trend was found for the ratio between renewable energy consumption and final energy consumption for all but one of the EU countries.
Introduction
The 2015 Paris Agreement, the world's first comprehensive agreement on climate change, has formalized European Union's (EU) target to reduce greenhouse gas emissions by at least 40% by 2030, which called on the EU members to adopt strong measures in order to support renewable energy sources (European Parliament, 2016) .
The European Parliament is constantly calling for the use of energy from renewable sources, and thus, by means of its resolution adopted in June 2016, has suggested to the Commission to increase up to 30% the EU's target on energy consumption from renewable sources so that it can be reached through individual targets of the member states. Therefore, in 2016, more than one quarter of the total production of primary energy within the EU-28 came from renewable energy sources and the increase in primary production using renewable energy sources exceeded the share of total primary energy production from other sources of energy (Eurostat, Statistics-explained, 2017) .
The European Union, by means of the Intelligent Energy Europe Programme, is at the forefront and holds a key role in promoting renewable energy, and has built global leadership in terms of the technologies used for producing energy from renewable sources (holding 40% of the patents in the field of renewable energy at a global level and almost half of the global capacity for primary production of energy using renewable sources). Thus, it aims to provide new options in order to ensure sufficient and reliable energy supply at reasonable costs (IEA, 2015) .
Starting from the European Commission's decisions on increasing renewable energy consumption, the overall objective of this paper is to analyze the impact of the increase of renewable energy consumption on the development of the EU countries, thus implicitly on the Gross Domestic Product (GDP) of these countries. To this aim, the study realized in the paper was carried out in two directions: firstly, we analyze the impact of final energy consumption from renewable sources (FECRE) on the GDP of each EU country, and secondly, we analyze the evolution of the ratio of FECRE in the Final Energy Consumption (FEC) .
For this purpose we collected the information provided by Eurostat for the period 1995-2015 for the 28 EU members on the evolution of three macroeconomic indicators: GDP, final energy consumption and final consumption of renewable energy. We analyze these series of data using the EViews 9 econometric software package.
The remaining part of the paper is organized as follows: Section 1 discusses a brief review of literature on empirical studies concerning final energy consumption or renewable energy consumption and economic growth, Section 2 describes the empirical models, estimation methodology and the data source, Section 3 presents empirical investigation and results and the last section concludes the study.
Literature review
A good energy policy is essential for the economic development of any country, as energy is intrinsically linked to GDP, so energy policy influences more or less how European countries economy performs.
GDP as a macroeconomic indicator measures economic activity and indicates the strength of an economy by determining the value of all the final goods and services produced within an economy over a given period of time. It can be considered to be the most widely used unit of measure for the overall size of an economy. GDP growth is an indication of a prosperous economy.
Generally, the GDP is calculated using three methods: value added method (or production method), expenses method (or the use of final production) and revenue method.
In this paper, we chose to work with the GDP determined by the expenditure method, expressed value at market prices (millions euro), being the only possibility of summing up heterogeneous goods made in the national economy. Expression of the GDP at current market prices eliminates differences between the prices in different countries and allows for widespread use as a tool for comparing living standards or monitoring the convergence process in the European Union.
The main components of GDP by using this method are: private consumption (C), government spending (G), gross investment (I) and net exports (export (X) -import (M)). The calculation formula is:
The evolution of GDP is largely influenced by the evolution of final consumption as a sum of the two fundamental components -private consumption (C) and public consumption (G).
In the final consumption, the evolution of final energy consumption is of particular importance, as energy contributes to the stimulating of growth and economic development, and there is a dynamic causality between energy in general and economic growth (Wada, 2017) .
A multitude of authors have studied the relationship between GDP and energy consumption by providing a wide range of results in terms of causality, statistically highlighting either a one-way causality, a bidirectional causality or none.
Such analysis were performed in (Anwar, Arshed, & Nabeela Kousar, 2017 ) on a panel of 29 OIC countries, data period 1990-2014; in (Alper, & Oguz, 2016) (Bozkurt, & Destek, 2015) on a panel of OEDC countries, data period 1980 OEDC countries, data period -2012 in (Tugcu, Ozlturk, & Aslain, 2012) on a panel G-7 countries, in (Okyay, Ebru, & Fatih, 2014 ) on a panel of developed countries in Europe, data period 1990 Europe, data period -2011 in (Chontanawat, Hunt, & Pierse, 2008) on a panel of 100 countries, data period 1960-2000 or 1971-2000. Similar studies for the case of individual countries and for different periods of time can be found for Saudi Arabia (Wada, 2017) , for China (Lin, & Moubarak, 2014) , for Turkey (Ocal, & Aslan, 2013) , for Brazil (Pao, & Fu, 2013) , for U.S. (Stern, 2000; Yildirim, Sarac, & Aslan, 2012) , for Lithuania (Bobinaite, Juozapaviciene, & Konstantinaviciute, 2011) .
On the other hand, the energy system perspective at European and world level must also be examined in the light of the current climate change, with particular emphasis on the role of renewable technologies (Dalla Longa, & van der Zwaan, 2017) . Given these issues, we thought it would be appropriate to analyze the impact of renewable energy consumption on GDP and evolution of the share of renewable energy consumption in final energy consumption for the countries in EU.
In recent years, countries across the globe have been trying to reduce CO 2 emissions by cutting their energy consumption and by switching their energy production.
The European Union has long been the world leader in the promotion and development of renewable energy, coordinating efforts to combat climate change, encourage the shift to a low-carbon economy and stimulate economic growth great potential. One of the main policy objectives of the European Commission is for the EU to become number one in the world in the field of renewable energy sources.
The current framework for 2020 sets a target of 20% of EU energy consumption from renewable sources, 27% for 2030, given that there has been a rapid increase in the use of renewable energy sources, from 10.4% in 2007 to 17% in 2015 (Directive 2009/28/EC).
Renewable energy production will continue to grow rapidly in the coming years, owing to lower production costs, so it is estimated that in 2040 they will account for 70% of Europe's electricity production (BNEF, 2016) .
The main benefits of renewable energy are: reduction of greenhouse gas emissions, diversification of energy sources and reduction of dependence on fossil fuels (especially oil and gas), greater energy diversity, employment in the EU by creating jobs in new 'green' technologies (Gasparatos, Doll, Esteban, Ahmed, & Olang, 2017) .
Rising GDP means increasing purchasing power, so people can buy more products but the price of those goods is largely determined by the energy used in their production.
The correlation between energy consumption, national income and quality of life was analyzed by Ozturk (2017) , who highlighted the importance of the role of electricity in final consumption but also the role of renewable sources in final energy consumption for a developing country.
Following Rafiq and Salim (2009) "all the countries may initiate environmental policies aimed at decreasing energy intensity, increasing energy efficiency, developing a market for emission trading".
The benefits and the need for the transfer of renewable energy technologies in developing countries was highlighted by Mardani et al. (2015) following the multi-criteria evaluation of alternatives of development of new energy systems.
Several studies have been performed to show the relationship between renewable energies consumption and economic growth. Various research analyzed data from a wide variety of countries or regions, considered either individually or as groups, following certain criteria. The empirical results found also vary between countries and within regions, and all these findings have important policy implications for the countries concerned (Rafiq, & Salim, 2011) .
The relationship between energy consumption and economic growth was analyzed for 22 OECD countries (Organisation for Economic Co-operation and Development) over the period 1960 -2005 in (Aslan, 2013 . The results of the study show that while in most cases there is a strong relationship that starts from economic growth to energy consumption, the strongest relationship from energy consumption to economic growth is shown only for Iceland and Portugal.
Apergis and Payne have published several papers examining the relationship between renewable energy consumption and economic growth for different groups of countries. They used cointegration tests, panel error correction models, and Granger-causality tests to determine the long-run relationships and direction of causality between renewable energy consumption and economic growth. Their studies use a production model with real GDP as dependent variable, and including renewable energy consumption, gross fixed capital formation, and total labor force as independent variables (Apergis, & Payne, 2010a , 2010b , 2011a , 2011b .
Starting from the above-mentioned elements, in this paper we analyze the relationship between FEC, FECRE and GDP at market prices.
Final energy consumption from all resources includes the following categories: solid fuels, total oil products, gas, nuclear heat, renewable energies, electrical energy and waste (nonrenewable).
Final energy consumption from renewable resources includes: wind energy, solar (thermal, photovoltaic and concentrate), hydroelectric power, tidal power, geothermal energy, biofuels and the renewable part of waste. Final energy consumption is expressed in thousand tons of oil equivalent (TOE).
The survey is based on indicators taken from the Eurostat database for the period 1995-2015 for the 28 EU member states. The data available from Eurostat show that the renewable energy consumption prior to 1995 was statistical insignificant in the final energy consumption. The energy consumption from renewable resources began to increase as a consequence to several political decisions emerging at United Nations Conference on Environment and Development (Rio de Janeiro, 1992) that promoted the concept of sustainable development. The Maastricht Treaty on European Union, amended at Amsterdam in 1997, assumed this concept, thus the increase of energy consumption from renewable resources became a major objective, aimed to protect the environment and decrease carbon dioxide emissions. Furthermore, a major political change started in 1989 in Central and Eastern Europe countries (now EU members), thus until 1995 a transition period in the social, political and economic development of these countries occurred. These facts justify the 1995 threshold in the analyzed data.
The data on which the study was based are organized in a two-dimensional form, namely: -cross-section data -which contain information on the value of the three analysed indicators (GDP, FEC and FECRE) at a given time (annually) for the 28 EU member states; -time series data -which contain information on the value of each of the three analysed indicators (GDP, FEC and FECRE) , obtained between 1995 and 2015, for the 28 EU member states. Models analysis on these data, based on classic regression, show that important properties of time series data can be more restrictive than similar properties for cross-section data.
By combining the two dimensions, the data series for the three indicators will be organized as panel -containing information on the value of the three indicators analyzed (GDP, FEC and FECRE) , obtained between 1995 and 2015, for the 28 member countries of the EU.
The use of panel data structure benefits of advantages as: estimation of relations in dynamics, incorporating the time dimension for cross-section data and space size for time series, increased efficiency for the estimating of regression models by sample size, increased heterogeneity, reduced collinearity, the ability to control fixed individual effects -which is common to a country over time, but which may vary between the analyzed countries, the ability to model temporal effects without shifting due to aggregation.
Models and methodology

Models
In order to investigate the impact of renewable energy consumption on economic growth, this study uses a linear regression model:
LGDP LFECRE u = α + b + , LGDP , it LFECRE represent natural logarithms of real GDP and final energy consumption from renewable sources for the country i at the time t , respectively. The terms , i i α b are unknown parameters, to be estimated, while it u , are the error terms. Variables in natural logarithms can be interpreted in growth rate after taking the first difference into account.
Derived from a simplified neoclassical production function type model, this model was used by Apergis and Danuletiu (2014) to show the long-run positive causality running from renewable energy to real GDP, for a total sample of data for 80 countries, including several countries from EU.
The second part of the study aims to analyze the evolution of the annual share of final energy consumption from renewable sources in final energy consumption. To this aim we consider the linear regression model, without intercept: 
Econometric methodology
The above theoretical models will be estimated using panel data techniques, with the aid of EViews 9 software product. The analysis of the first model is performed in four steps. Firstly, two different unit root tests are used to investigate whether the variables are stationary or not and the order of integration of the variables. We used Augmented Dickey-Fuller (ADF) (Dickey, & Fuller, 1981) and the Phillips-Perron (PP) (Phillips, & Perron, 1988) test to this purpose. Secondly, when all of the series are found to be integrated of the same order, we test the co-integration relationship between the variables in Eq. (1) using the Johansen maximum likelihood method (Johansen, & Juselius, 1990 ) and Pedroni cointegration test (Pedroni, 2004) . The existence of cointegration indicates that there are long-run equilibrium relationships among the variables, and thereby, Granger causality exists among them in at least one direction (Engle, & Granger, 1987) . Given the presence of potential two-way relationships between analyzed variables, the estimation of a VAR model to test causality hypotheses is more reliable than that of a single equation model (Salim, & Bloch, 2009) .
Next, the parameter estimates for the regression equations (1) are evaluated using the fully modified least square (FMOLS) regression method (Phillips, & Hansen, 1990) . This cointegration equation can work with variables that are stationary at different levels. An analysis of the estimation errors using the Jarque and Bera test (Jarque, & Bera, 1980) for normality is also performed.
Finally, the Granger causality test is used to find unidirectional or bidirectional causalities between the real GDP and the renewable energy consumption.
The analysis of the second model also involves statistic tests similar to the ones used for the first model.
Data analysis
The empirical analysis is based on a panel of 28 countries of UE during the 1995-2015 period. We use a series of final energy consumption and GDP data from the Eurostat. Table 1 and 2 presents descriptive statistics of the series for each country.
The GDP series data follow a normal distribution for all countries. Germany has a GDP that is higher than the regional average at 2,382,533 million euro with a standard deviation of 330,925.9. In contrast, Malta has an average GDP in market prices 5,445.962 million euro. This is the lowest figure amongst all the countries, with a standard deviation of 1,766.366. Distribution shows positive asymmetry at all states, which means that during the analyzed period, GDP had a trend of positive growth, and kurtosis has a value less than 3 in all countries, i.e. the distribution is flatter than the normal curve (platykurtic), except for United Kingdom which has a sharper distribution than the normal curve (leptokurtic) (see Table 1 ). The renewable energy consumption series for the countries in this study follows a normal distribution. It should be noted that France has the highest average per-capita power consumption in UE (9,956.1 TOE), with a standard deviation of 1,075.5. Malta reports the lowest average in UE with 2.661905 TOE consumed annually, and a standard deviation of 3.90621. Distribution shows positive asymmetry at all states, which means that during the analyzed period, final consumption of renewable energy (FECRE) had a trend of growth, and the distribution is platykurtic, except for Estonia and Romania which have a leptokurtic distribution (see Table 2 ). 
Empirical findings and Results
Investigation of Model (1)
Results of unit roots tests
The time series properties of the variables in Eq.
(1) are evaluated by means of two different unit root tests, namely ADF and PP. We find that for most of the countries the three time series are stationary in their first difference, at least at 10% level. The results are displayed in Table 3 . Note that for some countries, namely, Ireland, Greece, Spain, Croatia, Cyprus, Slovenia, the null hypothesis of the existence of a unit root cannot be rejected at level and first difference.
End of Table 2
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Results of cointegration test
The next step is to test whether the variables in Eq. (1) are cointegrated. The results for the Johansen test for each cross-section we performed are indicating the existence of a cointegrated relation between the two variables at the 5% significance level.
Estimation of regression parameters in Eq. (1)
The parameter estimates for Eq. (1) are reported in Table 4 . Table 4 show that the coefficients determined for this linear regression are not significant on the 5% level for Czech Republic, Estonia, Portugal, Romania, Sweden and United Kingdom. Consequently, for these countries this regression model is not relevant for the impact of renewable energy consumption on real GDP.
The test results in
Analyzing the values of the estimated regression coefficientsˆi b corresponding to the variable i LFECRE we note that: -all coefficientsˆi b are positive, indicating a favourable impact of renewable energy consumption on economic growth; -most of these coefficients are smaller than 1, indicating that the impact of renewable energy consumption on economic growth is not very significant.
Granger causality test
In Table 5 below the results of the Granger causality test between variables LGDP and LFECRE are presented. The conclusions emphasized within this table have the following significance:
-"Accept" -means that the null hypothesis is accepted, that is the left variable does not Granger-cause the right corresponding variable; -"Reject" -means that the null hypothesis is rejected, that is the left variable does Granger-cause the right variable. Analyzing the results in Table 5 we found:
-bidirectional Granger causality FECRE GDP for 12 countries in the panel, namely Czech Republic, Ireland, Greece, Croatia, Cyprus, Lithuania, Luxembourg, Netherlands, Austria, Poland, Slovakia, Finland; -unidirectional Granger causality FECRE GDP for 11 countries, namely Belgium, Denmark, Estonia, Spain, France, Italy, Hungary, Portugal, Romania, Slovenia, Sweden; -unidirectional Granger causality GDP FECRE for 4 countries, namely Bulgaria, Denmark, Latvia, United Kingdom; -no Granger causality for Malta.
Investigation of Model (2)
First, we analyzed the evolution of the percentage ratio 100 it it FECRE FEC × with respect to the time, for each individual country. The linear regression of each of N time series shows an increasing trend in the evolution of these ratio for all but one cases. We plotted graphic representations of these time series and of the corresponding regression line. In each sub-figure 1(a), 1(b), 1(c), 1(d) we represented seven of the 28 time series of the panel.
As the trend of the percentage ratio is increasing, we noted that the variation of the graph slope is also generally increasing. This tendency is emphasized empirically, by estimating the regression coefficients 1 4, ..., namely 1995-2015, 2000-2015, 2005-2015 and 2010-2015 . In addition to the initial period 1995-2015, we also analyzed the other three periods motivated by the shape of the graphs in Figure 1 , that could be justified by political decisions in several European Union documents as "EU Sustainable Development Strategy" adopted at Goteborg (2001) The FMOLS regression test performed in EViews showed that for each cross section the estimated coefficient is highly significant, as all the corresponding probabilities are 0.
The values of the cross-sections regression coefficients for the above four time periods are given in Table 6 below. Analyzing the data in Table 6 we derive the following conclusions: -for almost all of the countries in the panel, the regression coefficients estimates ˆi j γ have increasing values over the four periods of time, that 1 2 3 4ˆˆî i i i γ ≤ γ ≤ γ ≤ γ ; that shows an increasing tendency in the share of renewable energy consumption with respect to the final energy consumption. Only for one of the countries in the panel, namely Portugal, this sequence is decreasing; -according to these results, for three of the countries in the panel, namely Latvia, Finland, Austria the estimated ratio 4 100 i γ × is greater than the threshold in the EU directives for the 2020 horizon; -the smallest estimate was found for Malta, namely 1.6%, and for four other countries the estimates are inferior to 3%. We also point out that the linear regression seams to not be the most appropriate model in order to estimate the trend of the share of renewable energy consumption with respect to the final energy consumption.
Concluding remarks
This paper aimed to extend the research on the causal relationship between economic growth and renewable energy consumption using a panel of data for 28 countries of European Union over a period from 1995 to 2015.
The empirical results showed a positive impact, although statistical small, of renewable energy consumption on economic growth. Also, causalities were found between these two macroeconomics indicators, showing either bidirectional or unidirectional Granger-cause for each country in the panel.
The results obtained in this paper justify the political decisions of EU concerning the necessity of increasing the renewable energy consumption. They also prove that this type of energy consumption has a positive impact on economic growth. Thus, the inclusion of such politics in future EU and national strategies is further motivated.
In addition, motivated by EU Directive 2009/28/EC stating that the share of renewable energy consumption into the final energy consumption should reach 20% by 2020, we analyzed the tendency of these ratio within the data panel.
By means of linear regression, an increasing trend was found for the ratio between renewable energy consumption and final energy consumption for all but one of the EU countries. Finally, using four different time period within the analyzed 1995-2015 one, we found that the estimated ratio are also increasing. Nevertheless, the empirical results showed that a nonlinear estimate should be more appropriate, which we intend to perform into a future study.
